maxsat is an optimization version of satisfiability. Since many practical problems involve optimization, there are a wide range of potential applications for effective maxsat solvers. In this paper we present an extensive empirical evaluation of a number of maxsat solvers. In addition to traditional maxsat solvers, we also evaluate the use of a state-of-the-art Mixed Integer Program (mip) solver, cplex, for solving maxsat. mip solvers are the most popular technology for solving optimization problems and are also theoretically more powerful than sat solvers. In fact, we show that cplex is quite effective on a range of maxsat instances. Based on these observations we extend a previously developed hybrid approach for solving maxsat, that utilizes both a sat solver and a mip solver. Our extensions aim to take better advantage of the power of the mip solver. The resulting improved hybrid solver is shown to be quite effective.
Introduction
maxsat is an optimization version of satisfiability (sat). Both problems deal with propositional formulas expressed in CNF. The goal of sat is to find a setting of the propositional variables that satisfies all clauses. maxsat, on the other hand, tries to find a setting of the variables that maximizes the number of satisfied clauses.
maxsat is complete for the class FP NP (the set of function problems computable in polynomial time using an NP oracle). FP NP includes many practical optimization problems, and by completeness all of them can be compactly encoded into maxsat. Hence, maxsat solvers that are effective on a wide range of inputs would be able to solve a variety of practical problems through the simple device of encoding into maxsat. This is already the case with sat, where many real-world problems in NP can be effectively solved by encoding into sat and applying current sat solvers. Work on developing widely applicable maxsat solvers is still ongoing, and this paper aims to make a contribution to this effort.
Many important industrial applications involve solving optimization problems, and many powerful solution techniques for such problems have been developed. Problems with Boolean or integer variables (like maxsat) are most often solved using sophisticated Mixed Integer Program (mip) solvers. mip solvers solve problems expressed as a set of linear inequalities and a linear objective function, a representation that is more expressive than CNF. One common technique they employ is to utilize linear programming algorithms to solve the linear relaxation derived by allowing the integer variables to take on non-integral values. Cutting plane computations are then used to drive the linear relaxation towards integral solutions. The technique of cutting planes is theoretically more powerful than resolution [5] , and thus these solvers potentially have access to more powerful inference methods than standard sat solvers. In contrast, current maxsat solvers have almost exclusively used resolution-based sat technology.
In this paper we perform an extensive empirical evaluation of a number of previous solvers. Our evaluation uses many more problem instances than any previously reported study, in part because we are interested in widely applicable maxsat solvers. We also evaluate the performance of a state-of-the-art mip solver, IBM's cplex system, on these instances. Our evaluation, reported on in Sec. 3, provides a number of interesting insights. For example, we show that cplex is a very effective solver for maxsat. We also show that in the current state-of-the-art, the notion of a single best algorithmic approach for solving maxsat is suspect, as is the notion of a single best solver. Our experiments do however indicate that the solvers tested can be divided into two subsets with one subset arguably dominating the other in terms of performance. However, within the high performance subset no single solver dominates.
This variance in performance among the different solvers across the problem instances indicates that each of these solvers embeds ideas that are effective on some problems. Hence, one possible direction for future research is to investigate ways of combining these ideas to uncover new algorithmic insights. 1 In previous work we had developed such a hybrid approach, maxhs [7], that utilized a mip solver, cplex, along with a sat solver, minisat [8]. Each solver was given a subset of the maxsat problem, and information was communicated between the solvers so as to solve the combined problem. The strong performance of cplex in our experiments lead us to investigate ways of taking better advantage of the mip solver. In particular, in the second part of the paper, reported on in Sec. 4, we develop a number of techniques for increasing the amount and effectiveness of information supplied to cplex, thus allowing it to make stronger inferences. Our new techniques yield a considerable performance improvement to the maxhs solver (Sec. 6), and as shown in Sec. 3 the resulting improved maxhs+ solver is clearly placed in the set of top performing maxsat solvers. We conclude the paper with some ideas for further work.
Background
In this paper we address weighted partial maxsat problems (WPMS). This is the most general type of maxsat problem and it includes as special cases all of the other types of maxsat problems studied in the literature. (All of the 
